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(54) Pretreatment method for coating 

(57) It is an object of the present invention to provide 
a pretreatment method for coating, which does not limit 
a coating method, places a less burden on the environ- 
ment and can apply good chemical conversion treat- 
ment to all metais such as iron, zinc, aluminum and so 
on. 

A pretreatment method for coating comprising treat- 
ing a substance to be treated by a chemical conversion 



coating agent to fomn a chemical conversion coat, 

wherein the chemical conversion coating agent 
comprises: at least one kind selected from the group 
consisting of zirconium, titanium and hafnium; fluorine; 
and at least one kind selected from the group consisting 
of amino group-containing silane coupling agents, hy- 
drolysates thereof and polymers thereof. 
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EP 1 433 877 A1 

Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a pretreatment method for coating. 
BACKGROUND ART 

[0002] When a cationic electrocoating or a powder coating Is applied to the surface of a metal material, a chemical 

10 conversion treatment is generally applied in order to Improve the properties such as corrosion resistance and adhesion 
to a coating film. With respect to a chromate treatment used in the chemical conversion treatment, from the viewpoint 
of being able to further improve the adhesion to a coating film and the con-osion resistance, in recent years, a harmful 
effect of chromium has been pointed and the development of a chemical conversion coating agent containing no chro- 
mium Is required. As such a chemical conversion treatment, a treatment using zinc phosphate Is widely adopted (cf. 

15 Japanese Kokai Publication Hei-1 0-204649, for Instance). 

[0003] However, since treating agents based on zinc phosphate have high concentrations of metal Ions and acids 
and are very active, these are economically disadvantageous and low in worlcablllty in a wastewater treatment. Further, 
there Is a problem of fonnatlon and precipitation of salts, being insoluble In water, associated with the metal surface 
treatment using treating agents based on zinc phosphate. Such a precipitated substance Is generally refen^ed to as 

20 sludge and increases in cost for removal and disposal of such sludge become problems. In addition, since phosphate 
ions have a possibility of placing a burden on the environment due to eutrophication, it takes efforts for treating waste- 
water; therefore, it is preferably not used. Further, there is also a problem that In ametal surface treatment using treating 
agents based on zinc phosphate, a surface conditioning is required; therefore, a treatment process become long. 
[0004] As ametal surface treating agent other than such a treating agent based on zinc phosphate or a chemical 

25 conversion coating agent of chromate, there Is known a metal surface treating agent comprising a zirconium compound 
(cf . Japanese Kokai Publication Hei-07-31 01 89, for Instance). Such a metal surface treating agent comprising a zirco- 
nium compound has an excellent property in point of suppressing the generation of the sludge in comparison with the 
treating agent based on zinc phosphate described above. 

[0005] However, a chemical conversion coat attained by the metal surface treating agent comprising a zirconium 
30 compound is poor in the adhesion to coating films attained by cationic electrocoating in particular, and usually less 
used as a pretreatment for cationic electrocoating. In such the metal surface treating agent comprising a zirconium 
compound, efforts to improve the adhesion and the con'oslon resistance by using it in conjunction with another com- 
ponent such as phosphate ions are being made. However, when it Is used in conjunction with the phosphate Ions, a 
problem of the eutrophication will arise as described above. In addition, there has been no study on using such treatment 
35 using a metal surface treating agent as a pretreatment method for various coatings such as cationic electrocoating. 
Further, there was a problem that when an Iron material was treated with such the metal surface treating agent, the 
adequate adhesion to a coating film and the corrosion resistance after coating could not be attained. 
[0006] A non-chromate metal surface treating agent comprising a zirconium compound and an amino group-con- 
taining silane coupling agent is also known (cf . Japanese Kokai Publication 2001 -31 6845, for instance). However, such 
40 a non-chromate metal surface treating agent is an application type treating agent used for coil coating, and in a surface 
treatment by such a non-chromate metal surface treating agent, it is not possible to perform a postrinsing after treating 
and a substance to be treated having a complex configuration Is not considered. 

[0007] Further, surface treatment of all metals have to be performed by one step of treatment to articles including 
various metal materials such as Iron, zinc and aluminum for bodies and parts of automobiles In some cases. Accordingly 
45 there is desired the development of pretreatment method for coating which can apply a chemical conversion treatment 
without problems even in such a case. Further, there is desired the development of pretreatment method which can 
apply a chemical conversion treatment without problems as mentioned above, when other coatings using powder 
coating composition, organic solvent coating composition, and water-bome coating composition besides cationic elec- 
trocoating and anionic electrocoating are applied. 

so 

SUMMARY OF THE INVENTION 

[0008] In consideration of the above circumstances, it is an object of the present invention to provide a pretreatment 
method for coating, which does not limit a coating method, places a less burden on the environment and can apply 
55 good chemical conversion treatment to all metals such as iron, zinc, aluminum and so on. 

[0009] The present invention is directed to a pretreatment method for coating comprising treating a substance to be 
treated by a chemical conversion coating agent to fomi a chemical conversion coat, 

wherein the chemical conversion coating agent comprises: at least one kind selected from the group consisting 
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of zirconium, titanium and hafnium; fluorine; and at least one Iclnd selected from the group consisting of amino group- 
containing silane coupling agents, hydrolysates thereof and polymers thereof. 

[0010] Preferably, at least one kind selected from the group consisting of amino group-containing silane coupling 
agents, hydrolysates thereof and polymers thereof has a content of 5 to 5000 ppm as a concentration of solid matter. 

5 [0011] Preferably, the chemical conversion coating agent contains 1 to 5000 ppmof at least one kindof a chemical 
conversion reaction accelerator selected from the group consisting of nitrite ion, nitro group-containing compounds, 
hydroxylamine sulfate, persuifateion, sulfite ion, hyposulfite ion, peroxides, iron (III) ion, citric acid Iron compounds, 
bromate ion. perchlorinate ion, chlorate ion, chlorite Ion, as well as ascorblcacid, citric acid, tartaricacid, malonicacid, 
succinic acid and salts thereof. 

10 [0012] Preferably, the chemical conversion coating agent contains 20 to 10000 ppm of at least one kind selected 
from the group consisting of zirconium, titanium and hafnium in terms of metal, and has a pH of 1 .5 to 6.5. 
[0013] Preferably, the chemical conversion coating agent contains at least one kind of adhesion and corrosion re- 
sistance Imparting agent selected from the group consisting of magnesium ion, zinc ion, calcium ion, aluminum ion, 
galiium ion, indium ion and copper ion. 

15 

DETAILED DESCRIPTION OF THE INVEfSTTION 

[0014] Hereinafter, the present invention will be described in detail. 

[0015] The present invention is directed to a pretreatment method for coating, which uses a chemical conversion 
20 coating agent containing at least one kind selected from the group consisting of zirconium, titanium and hafnium, and 
fluorine and substantially containing no phosphate ions and harmful heavy metal ions. When a substance is treated 
with conventional chemical conversion coating agents containing zirconium and the like in place of a zinc phosphate 
treatment which is generally used as a chemical conversion treatment method, a problem that sufficient adhesion to 
a coating film cannot be attained particularly In an ironmaterial arises. Therefore, the present Invention is directed to 
25 a pretreatment method for coating capable of resolving the above problem and forming a chembal conversion coat 
having sufficient adhesion to a coating film even for the iron material by using a chemical conversion coating agent 
comprising at least one kind selected from the group consisting of zirconium, titanium and hafnium, and fluorine. 
[0016] At least one kind selected from the group consisting of zirconium, titanium and hafnium contained in the 
chemical conversion coating agent used in the present invention is a component constituting a chemical conversion 
30 coat and, by forming a chemical conversion coat inciuding at least one kind selected from the group consisting of 
zirconium, titanium and hafnium on a material, the corrosion resistance and the abrasion resistance of the material 
can be Improved and further the adhesion to the coating film can be enhanced. 

[0017] For example, in a metal surface treatment using a zirconium containing- chemical conversion coating agent, 
it is considered that hydroxide or oxide of zirconium is deposited on the surface of the base material because metal 

35 ions elutes in the chemical conversion coating agent through a dissolution reaction of the metal and pH at an interface 
increases. As mentioned above, the chemicai conversion coating agent In the present invention is a reaction type 
treating agent, so the chemical conversion coating agent can be applied to an immersion treatment of a substance 
having a complex configuration. Further, in a surface treatment using the chemical conversion coating agent, postrins- 
ing after treating can be perfomned because of forming a chemical conversion coat adhered fimnly to a substance by 

40 a chemical reaction. 

[0018] A supply source of the zirconium is not particularly limited, and examples thereof include alkaline metal fluoro- 
zlrconate such as KgZrFg, fluoro-zirconate such as (NH^) ^rF^, soluble f luoro-zirconate like fluoro-zlrconate acid such 
. as HgZrFg, zirconium fluoride, zirconium oxide and the like. 

[001 9] A supply source of the titanium is not partlculariy limited, and examples thereof include alkaline metal f luoro- 
45 tltanate, fluoro-tltanate such as (NH4)2TiFg, soluble fluoro-titanate like ftuoro-tttanate acid such as H2TiFe, titanium 
fluoride, titanium oxide and the like. 

[0020] A supply source of the hafnium is not partlculariy limited, and examples thereof Include fluoro-hafnate acid 
such as H2HfFB, hafnium fluoride and the like. 

[0021] As a supply source of at least one kind selected from the group consisting of zirconium, titanium and hafnium, 
so a compound having at least one kind selected from the group consisting of ZrFg^', TiFg^* and HfFg^' is preferable 
because of high ability of forming a coat. 

[0022] Preferably, the content of at least one kind selected from the group consisting of zirconium, titanium and 
hafnium, which is contained in the chemical conversion coating agent is within a range from 20 ppm of a lower limit to 
1 0000 ppm of an upper limit in temis of metal. When the content is less than the above lower limit, the perfomnance 
55 of the chemical conversion coat to be obtained is inadequate, and when the content exceeds the above upper limit, it 
is economically disadvantageous because further Improvements of the perfomnances cannot be expected. More pref- 
erably, the lower limit is 50 ppm and the upper limit is 2000 ppm. 

[0023] Fluorine contained in the chemicai conversion coating agent serves as an etchant of a material. A supply 
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source of the fluorine is not particularly limited, and examples thereof may include fluorides such as hydrofluoric acid, 
ammonium fluoride, fluoboric acid, ammonium hydrogenfluoride, sodium fluoride and sodium hydrogenfluorlde. In ad- 
dition, an example of complex fluoride includes hexafluorosilicate, and specific examples thereof may include hydro- 
silicofluoric acid, zinc hydrosilicofluoride, manganese hydrosilicofluoride, magnesium hydroslllcofluoride, nickel hydro- 

5 sillcofluoride, iron hydrosilicofluoride, calcium hydrosilicofluoride and the like. 

[0024] The chemical conversion coating agent contains at least one kind selected from the group consisting of amino 
group-containing silane coupling agents, hydrolysates thereof and polymers thereof. The amino group-containing sl- 
lane coupling agent is a compound having at least an amino group and having a slloxane linkage in a molecule. Con- 
taining at least one kind selected from the group consisting of amino group-containing silane coupling agents, hydro- 

10 lysates thereof and polymers thereof enables to act on both of a chemical conversion coat and a coating film, and 
adhesion between both coats is improved. 

[0025] it is estimated that the adhesion between the chemical conversion coat and the metal material is enhanced 
by that a group, which produces silanol through hydrolysis, is hydrolyzed and adsorbs to the surface of the metal 
material in the fonn of a hydrogen bond and by the action of an amino group. It is considered that at least one kind 
15 selected from the group consisting of amino group-containing silane coupling agents, hydrolysates thereof and poly- 
mers thereof contained in the chemical conversion coat has the action of enhancing the mutual adhesion by acting on 
both of the metal material and the coating film as described above. 

[0026] The amino group-containing silane coupling agent is not particulariy limited, and examples thereof may Include 
publicly known silane coupling agents such as N-2(amlnoethyl)3-aminopropylmethy!dimethoxysllane, N-2(amlnoethyl) 

20 3-aminopropyltrimethoxysilane, N-2(aminoethyl)3-amlnopropyltriethoxysilane, 3-aminopropyltrimethoxysilane, 3-ami- 
nopropyltriethoxysilane, 3-triethoxysilyl-N-(1,3-dimethyl-butylidene)propylamine, N-phenyl-3-aminopropyltrimethox- 
ysilane and N,N-bis[3-(trimethoxysilyl)propyl]ethylenediamine. KBM-602, KBM-603, KBE-603, KBM-903, KBE-9103 
and KBM-573 (each manufactured by Shin-Etsu Chemical Co., Ltd.) and XS 1 003 (manufactured by Chlsso Co., Ltd.), 
which are commercially available amino group-containing silane coupling agents, may also be used. 

25 [0027] The hydrolysate of the above amino group-containing silane coupling agent can be produced by a publicly 
known method, for example, amethod of dissolving the amino group-containing silane coupling agent ih ion-exchanged 
water to adjust the solution to be acidic with any acid. As the hydrolysate of the amino group-containing silane coupling 
agent, commercially available products such as KBP-90 (manufactured by Shin-Etsu Chemical Co., Ltd., effective 
ingredient; 32%) may also be used. 

30 [0028] The polymer of the above amino group-containing silane coupling agent is not particularly limited, and exam- 
ples thereof may include commercially available products such as Slla-Ace S-330 (y- aminopropyltriethoxysllane; man- 
ufactured by Chlsso Co., Ltd.), Slla-Ace S-320 (N-(2-aminoethyl)-3-amlnopropyltrimethoxysllane; manufactured by 
Chisso Co., Ltd.) and the like. 

[0029] The amino group-containing silane coupling agent and hydrolysate thereof are suitably used in a pretreatment 

35 especially for cationic electrocoating. On the other hand, the polymer of the amino group-containing silane coupling 
agent can be suitably used in a pretreatment not only for cationic electrocoating, but also for coatingwith organic solvent 
coating composition, water-bome coating composition, powder coating composition and so on. 
[0030] Preferably, the blending amount of at least one kind selected from the group consisting of amino group-con- 
taining silane coupling agents, hydrolysates thereof and polymers thereof in the chemical conversion coating agent is 

40 within a range from 5 ppm of a lower limit to 5000 ppm of an upper limit as a concentration of solid matter. When the 
blending amount is less than 5 ppm, the adequate adhesion to a coating film cannot be attained. When It exceeds 
5000 ppm, it is economically disadvantageous because further improvements of the performances cannot be desired. 
The above-mentioned lower limit Is more preferably 10 ppm and still more preferably 50 ppm. The above-mentioned 
upper limit Is more preferably 1000 ppm and still more preferably 500 ppm. 

45 [0031] Preferably, the chemical conversion coating agent of the present invention further contains a chemical con- 
version reaction accelerator. The chemical conversion reaction accelerator has an effect of suppressing unevenness 
of the surface of a chemical conversion coat obtained using a metal surface treating agent comprising a zirconium 
compound. An amount of a coat precipitated is different depending on the difference of location between an edge 
portion and a flat portion of amaterial; thereby, the unevenness of the surface Is generated. Therefore, when ametal 

50 material having an edge portion is treated with a conventional surface treatingagent comprising a zirconium compound, 
since an anodic dissolution reaction occurs selectively at an edge portion, a cathodic reaction becomes prone to occur 
and, consequently, a coat tends to precipitate around the edge portion and an anodic dissolution reaction hardly occur 
in a flat portion and precipitation of a coat is suppressed, and this results In unevenness of the surface. 
[0032] In the chemical conversion treatment of zinc phosphate, since the resulting chemical conversion coat is a 

55 thick film type, the unevenness of the surface does not turn into problems so much. However, since the chemical 
conversion coat comprising a zirconium compound is a thin film type, when a sufficient amount of a coat is not attained 
at a flat portion to which the chemical conversion treatment is hardly applied, this causes uneven coating and problems 
may arise in appearance of a coating and corrosion resistance. 



4 



EP1 433 877 A1 



[0033] The chemical conversion reaction accelerator in the present invention has a property to act in such a manner 
that the chemical conversion treatment may be applied without developing a difference of a chemical conversion treat- 
ment reaction between the edge portion and the fiat portion described above by being blended in the chemical con- 
version coating agent. 

5 [0034] Although the chemical conversion reaction accelerator is at least one kind selected from the group consisting 
of nitrite Ions, nitro group-containing compounds, hydroxylamine sulfate, persutfatelons, sulfiteions. hyposutfitelons, 
peroxides, Iron (Ml) ions, citric acid Iron compounds, bromate Ions, perchlorinate ions, chlorate Ions, chlorite Ions as 
well as ascorbicacid, citricacid, tartaricacid, malonicacid, succinic acid and salts thereof, in particular, a substance 
having an oxidizing action or an organic acid is preferable for accelerating etching efficiently. 

10 [0035] By blending these chemical conversion reaction accelerators in the chemical conversion coating agent, un- 
balanced coat-preclpltatlon is adjusted and good chemical conversion coat having no unevenness In an edge portion 
and a flat portion of a material can be attained. 

[0036] A supply source of the nitrite Ion is not particularly limited, and examples thereof include sodium nitrite, po- 
tassium nitrite, ammonium nitrite and the like. The nitro group-containing compound is not particulariy limited, and 

15 examples thereof include nitrobenzenesulfonic acid, nitroguanidine and the like. A supply source of the persulfate ion 
is not particularly limited, and examples thereof include Na2S208, KgSgOg and the like. A supply source of the sulfite 
Ion is not particularly limited, and examples thereof include sodium sulfite, potassium sulfite, ammonium sulfite and 
the like. A supply source of the hyposulfite ion is not particulariy limited, and examples thereof include sodium hypo- 
sulfite, potassium hyposulfite, ammonium hyposulfite and the like. The peroxides is not particulariy limited, and exam- 

20 pies thereof include hydrogen peroxide, sodium peroxide, potassium peroxide and the like. 

[0037] A supply source of the iron (III) ion Is not particularly limited, and examples thereof include ferric nitrate, ferric 
sulfate, ferric chloride and the like. The citric acid iron compound is not particularly limited, and examples thereof include 
citricacid iron ammonium, citricacid Iron sodium, citric acid iron potassium and the like. A supply source of the bromate 
ion is not particularly limited, and examples thereof Include sodium bromate, potassium bromate, ammonium bromate 

25 and the like. A supply source of the perchlorinate ion Is not particularly limited, and examples thereof Include sodium 
perchlorinate.potassium perchlorinate.ammonium perchlorinate and the like. 

[0038] A supply source of the chlorate ion is not particularly limited, and examples thereof Include sodium chlorate, 
potassium chlorate, ammonium chlorate and the like. A supply source of the chlorite ton is not particularly limited, and 
examples thereof Include sodium chlorite, potassium chlorite, ammonium chlorite and the like. The ascorisic acid and 

30 salt thereof are not particularly limited, and examples thereof include ascorbic acid, sodium ascorbate, potassium 
ascorbate, ammonium ascorbate and the like. The citric acid and salt thereof are not partk;ularly limited, and examples 
thereof Include citric acid, sodiumcitrate, potassium citrate, ammonlumcltrate and the like. The tartaric acid and salt 
thereof are not particularly limited, and examples thereof include tartaric acid, ammonium tartrate, potassium tartrate, 
sodium tartrate and the like. The malonic acid and salt thereof are not particularly limited , and examples thereof include 

35 malonic acid, ammonium maionate, potassium malonate, sodium malonate and the like. The succinic acid and salt 
thereof are not particularly limited, and examples thereof include succinic acid, sodium succinate, potassium succinate, 
ammonium succinate and the like. 

[0039] The above-described chemical conversion reaction accelerators may be used alone or in combination of two 
or more kinds of components as required. 

40 [0040] A blending amount of the chemical conversion reaction accelerator in the chemical conversion coating agent 
of the present invention is preferably within a range from 1 ppm of a lower limit to 5000 ppm of an upper limit. When 
it is less than 1 ppm, ft is not preferred because an adequate effect cannot be attained. When it exceeds 5000 ppm, 
there is a possibility of Inhibiting coat formation. The above lower limit is more preferably 3 ppm and further more 
preferably 5 ppm. The above upper limit is more preferably 2000 ppm and further more preferably 1500 ppm. 

45 [0041] Preferably, the chemical conversion coating agent substantially contains no phosphate Ions. Substantially 
containing no phosphate ions means that phosphate ions are not contained to such an extent that the phosphate ions 
act as a component in the chemical conversion coating agent. Since the chemical conversion coating agent used in 
the present Invention substantially contains no phosphate ions, phosphoms causing a burden on the environment is 
not substantially used and the fomnationof the sludge such as iron phosphate and zinc phosphate, fonmed in the case 

50 of using a treating agent based on zinc phosphate, can be suppressed. 

[0042] In the chemical conversion coating agent, preferably, a pH is within a range from 1 .5 of a lower limit to 6.5 of 
an upper limit. When the pH is less than 1 .5, etching becomes excessive; therefore, adequate coat formation becomes 
impossible. When it exceeds 6.5, etching becomes insufficient; therefore, a good coat cannot be attained. More pref- 
erably, the above lower limit is 2.0 and the above upper limit is 5.5. Still more preferably, the above lower limit is 2.5 

55 and the above upper limit is 5.0. In order to control the pH of the chemical conversion coating agent, there can be used 
acldb compounds such as nitric acid and sulfuric acid, and basic compounds such as sodium hydroxide, potassium 
hydroxide and ammonia. 

[0043] Preferably, the chemical conversion coating agent contains at least one kind selected from the group consist- 
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ing of magnesium Ion, zinc Ion, calcium ion, aluminum ion, gallium ion. Indium Ion and copper ion as an adhesion and 
corrosion resistance imparting agent. By containing the adhesion and corrosion resistance imparting agent, the chem- 
ical conversion coating agent can form a chemical conversion coat having more excellent adhesion and corrosion 
resistance. 

5 [0044] Preferably, the content of at least one kind selected from the group consisting of magnesium ion, zinc ion, 
calcium Ion, aluminum Ion, gallium ion, indium Ion and copper ion is within a range from 1 ppm of a lower limit to 5000 
ppm of an upper limit. When the content Is (ess than the lower limit, it is not preferable because the adequate effect 
cannot be attained. When It exceeds the upper limit, it is economically disadvantageous because further improvements 
of the effect are not recognized; and, there is a possibility that the adhesion after coating Is deteriorated. The above- 
to mentioned lower limit is more preferably 25 ppm and the above-mentioned upper limit Is more preferably 3000 ppm. 
[0045] The chemical conversion coating agent used in the present invention may be used In combination with an 
arbitrary component other than the above-mentioned components as required. Examples of the component which can 
be used include silica and the like, By adding the components, the corrosion resistance after coating can be enhanced. 
[0046] In the pretreatment method for coating of the present invention, the chemical conversion treatment Is not 
15 particularly limited, and this can be performed by bringing a chemical conversion coating agent Into contact with a 
surface of metal In usual treatment conditions. Preferably, a treatment temperature in the above-mentioned chemical 
conversion treatment is within a range from 20'C of a lower limit to 70°C of an upper limit. More preferably, the above- 
mentioned lower limit is 30"C and the above-mentioned upper limit is 50*C. Preferably, a treatment time in the chemical 
conversion treatment is within a range from 5 seconds of a lower limit to 1 , 200 seconds of an upper limit. More pref- 
20 erably, the above-mentioned lower limit is 30 seconds and the above-mentioned upper limit Is 1 20 seconds. The chem- 
ical conversion treatment method is not particularly limited, and examples thereof include an immersion method, a 
spray coating method, a roller coating method and the like. 

[0047] In the pretreatment method for coating of the present Invention, the surface of a metal material Is preferably 
degreased and rinsed with water after being degreased before the chemical conversion treatment is applied, and 
25 postrlnsed after the chemical conversion treatment. 

[0048] The above degreasing is performed to remove an oil matter or a stain adhered to the surface of the material, 
and immersion treatment is conducted usually at 30 to 55°C for about several minutes with a degreasing agent such 
as phosphate-free and nitrogen-free cleaning liquid for degreasing. It Is also possible to perform pre-degreasing before 
degreasing as required. 

30 [0049] The above rinsing with water after degreasing is performed by spraying once or more with a large amount of 
water for rinsing In order to rinse a degreasing agent after degreasing. 

[0050] The above postrinsing after the chemical conversion treatment Is perfomned once or more In order to prevent 
the chemical conversion treatment from adversely affecting to the adhesion and the corrosion resistance after the 
subsequent various coating applications. In this case, it is proper to perform the final rinsing with pure water. In this 
35 postrinsing after the chemical conversion treatment, either spray rinsing or immersion rinsing may be used, and a 
combination of these rinsing may be adopted. 

[0051] After the above postrinsing after the chemical conversion treatment, the surface of the metal material is dried 
as required according to a publicly known method and then various coating can be performed. 
[0052] In addition, since the pretreatment method for coating of the present invention does not need to perform a 
40 surface conditioning which Is required in a method of treating using the zinc phosphate-based chemical conversion 
coating agent which is conventionally in the actual use, the chemical conversion treatment of metal can be performed 
In fewer steps. 

[0053] Examples of a metal material treated in the present invention include an iron material, an aluminum material, 
a zinc material and the like. Iron, aluminum and zinc materials mean an Iron material In which a material comprises 
45 iron and/or its alloy, an aluminum material In which a material comprises aluminum and/or its alloy and a zinc material 
In which a material comprises zinc and/or Its alloy, respectively. The pretreatment method for coating of the present 
Invention can also be used for a substance to be coated comprising a plurality of metal materials among the ironmateriai, 
the aluminummaterlal and the zinc material. 

[0054] The pretreatment method for coating of the present Invention Is preferable in that this method can Impart the 
so adequate adhesion to a coating film to iron materials in which It is hard to attain adequate adhesion to coating films by 
a pretreatment using usual chemical conversion coating agents containing zirconium and the like. Therefore, the pre- 
treatment method for coating of the present Invention has an excellent property particularly in point of being applicable 
for treating a substance which contains an iron material at least In part. 

[0055] The ironmateriai Is notparticularty limited, and examples thereof Include a cold-rolled steel sheet, a hot-rolled 
55 steel sheet and the like. The aluminum material is not particulariy limited, andexamples thereof include 5000 series 
aluminumalloy, 6000 series aluminum alloy and the like. The zinc material is not particularly limited, and examples 
thereof include steel sheets, which are plated with zinc or a zinc-based alloy through electroplating, hot dipping and 
vacuum evaporation coating, such as a galvanized steel sheet, a steel sheet plated with a zinc-nickel alloy, a steel 
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sheet plated with a zinc>lron alloy, a steel sheet plated with a zinc-chromium alloy, a steel sheet plated with a zinc- 
aluminum alloy, a steel sheet plated with a zinc-titanium alloy, a steel sheet plated with a zinc-magnesium alloy and a 
steel sheet plated with a zinc-manganese alloy, and the like. In the present invention, chemical conversion treatment 
with iron, aluminum and zinc materials can be conducted simultaneously 

5 [0056] Preferably, a coat amount of the chemical conversion coats attained in the pretreatment method for coating 
of the present Invention Is within a range from 0. 1 mg/m^ of a lower limit to 500 mg/m^ of an upper limit in a total amount 
of metals contained in the chemical conversion coating agent. When this amount is less than 0.1 mg/m^, It is not 
preferable because a unifomri chemical conversion coat cannot be attained. When it exceeds 500 mg/m^, it is econom- 
ically disadvantageous because further improvements of the performances cannot be obtained. More preferably, the 

10 above-mentioned lower limit is 5 mg/m2 and the above-mentioned upper limit is 200 mg/m2. 

[0057] A coating can be applied to the metal material to be treated by the pretreatment method for coating of the 
present Invention is not particularly limited, and examples thereof may include coatings using a cationic electrodepo- 
sitlon coating composition, organic solvent coating composition, water-borne coating composition, powder coating 
composition and so on. For example, the cationic electrodeposltion coating composition is not perticularly limited, and 

IS a conventionally publicly known cationic electrodeposition coating composition comprising aminated epoxy resin, am- 
inated acrylic resin, sulfonated epoxy resin and the like can be applied. Among them, since the chemical conversion 
coating agent is blended with at least one kind selected from the group consisting of amino group-containing silane 
coupling agents, hydrolysates thereof and polymers thereof, a cationic electrodeposltion coating composition, which 
comprises resin having afunctional group exhibiting the reactivity or the compatibility with an amino group, is preferable 

20 In order to further enhance the adhesion between the electrodeposition coating film and the chemical conversion coat. 
[0058] Since the chemical conversion coating agent in the present Invention contains at least one kind selected from 
the group consisting of zirconium, titanium and hafnium as a component constituting the chemical conversion coat 
and, further at least one kind selected from the group consisting of amino group-containing silane coupling agents, 
hydrolysates thereof and polymers thereof, the pretreatment method for coating of the present Invention can apply a 

25 good pretreatment for coating which has been generally performed by a treating agent based on zinc phosphate. 
Further, a chemical conversion coat excellent in adhesion to a coating film can be fomned even for fron materials for 
which pretreatment by the conventional chemical conversion coating agent containing zirconium and the like is not 
suitable, according to the present invention. In addition, since the chemical conversion coating agent used in the present 
invention contains substantially no phosphate Ions, the burden on the environment Is less and the sludge Is not formed. 

30 Further, the pretreatment method for coating of the present invention can perfonn the chemical conversion treatment 
of metal material In fewer steps since It does not require the steps of surface conditioning. 
[0059] The present Invention provides a pretreatment method for coating which places a less burden on the envi- 
ronment and can apply good chemical conversion treatment to all metals such as iron, zinc, aluminum and so on. In 
addition, since a good chemical conversion coat can be fonned without perfonning surface conditioning in the pretreat- 

35 ment method for coating of the present Invention, the method is excellent In workability and cost. 

EXAMPLES 

[0080] Hereinafter, the present Invention will be described in more detail by way of examples, but the present Invention 
40 is not limited to these examples. 

Example 1 

[0061 ] A commercially available cold-rolled steel sheet (SPCC-SD, manufactured by Nippon Testpanel Co. , Ltd., 70 
45 mm X 150 mm x 0.8 mm) was used as a material, and pretreatment of coating was applied to the material In the 
following conditions. 

(1) Pretreatment of coating 

so [0062] Degreasing treatment: The metal material was immersed at 40''C for 2 minutes with 2% by mass "SURF 
CLEANER 53" (degreasing agent manufactured by Nippon Paint Co., Ltd.). 

[0063] Rinsing with water after degreasing: The metal material was rinsed for 30 seconds with a spray of running 
water. 

[0064] Chemical conversion treatment: A chemical conversion coating agent, having the zirconium concentration of 
55 1 00 ppm and the amino group-containing silane coupling agent concentration of 1 00 ppm as a concentration of solid 
matter, was prepared by using fluorozlrconic acid and KBM-603 (N-2(aminoethyl)3-aminopropyltrimethoxysllane, ef- 
fective concentration: 100%, manufactured by Shin-Etsu Chemical Co., Ltd.) as the amino group-containing silane 
coupling agent. A pH was adjusted to be 4 by using sodium hydroxide. The temperature of the chemical conversion 
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coating agent was controlled at 40'*C and the metal material was immersed for 60 seconds. A coat amount at an initial 
stage of treatment was 1 0 mg/m^. 

[0065] Rinsing after chemical conversion treatment: The metal material was rinsed for 30 seconds with a spray of 
running water. Further, the metal material was rinsed for 10 seconds with a spray ofion-exchanged water. Then.elec- 
5 trocoating wasapplied to the metal material in a wet condition. It is noted that a coat amount was analyzed as a total 
amount of metals contained in the chemical conversion coating agent by using "XRF-1 700" (X-ray fluorescence spec- 
trometer manufactured by Shimadzu Co., Ltd.) after the cold-rolled steel sheet after rinsing was dried at 80°C for 5 
minutes in an electrical dryer. 

10 (2) Coating 

[0066] After 1 m^ of the surface of the coid-rolled steel sheet was treated per 1 liter of the chemical conversion 
coating agent, electrocoating was applied to the surface In such a manner that a dried film thickness was 20 \vm using 
"POWERNIX 110" (a cationic electrodeposition coating composition manufactured by Nippon PaintCo., Ltd.) and, af- 
15 terrinsingwithwater, themetalmaterial was heated and baked at 1 70*'C for 20 minutes and test sheets were prepared. 

Evaluation Test 

<Observation of sludge> 

20 

[0067] After 1 m^ of the surface of the metal material was treated per 1 liter of the chemical conversion coating agent, 
haze in the chemical conversion coating agent was visually observed. 

O: There Is not haze 
25 X; There is haze 

<Secondary adhesion test (SDT)> 

[0068] Two parallel lines, which have depth reaching thematerial, were cut In a longitudinal direction on the obtained 
30 test sheet and then the test sheet was immersed at 50°C for 480 hours in 5% aqueous solution of NaCI. After immersion, 
a cut portion was peeled off with an adhesive tape and peeling of a coating was observed. 

® : No peeled 
O: Slightly peeled 
35 X : Peeled 3 mm or more in width 

<SST> 

[0069] The test sheet was scored in a cross to the depth reaching the material and then the test sheet was sprayed 
40 with 5% aqueous solution of NaCI for 240 hours in a salt spray tester at 35 °C. After spraying, a bulge width at the cut 
portion was measured. 

<Humldlty resistance test> 

45 [0070] The test sheet was allowed in a thenno-hygrostat (humidity: 95 %, temperature: 50 '^C) for 240 hours and 
then the test sheet was allowed for a hour in the atmosphere. After allowing, the test sheet was scored in a cross of 
100 squares (1 mm x 1 mm) and peeled off with an adhesive tape. The remained number of the coating film was 
measured to evaluate adhesion to a coating film. 

50 Example 2 

[0071] The test sheet was preparedby following the same procedure as that of Example 1 except that KBM-903 
(3-aminopropyltrlmethoxysilane, effective concentration: 100%, manufactured by Shin-Etsu Chemical Co., Ltd,) was 
used as the amino group-containing silane coupling agent. 

55 

Example 3 

[0072] The test sheet was preparedby following the same procedure as that of Example 1 except that KBE-903 
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(3-amlnopropyltriethoxysilane, effective concentration: 100%, manufactured by Shin-Etsu Chemical Co., Ltd.) was 
used as the amino group-containing silane coupling agent. 

Example 4 

5 

[0073] The test sheet was prepared by following the same procedure as that of Example 1 except that KBP-90 
(hydrolysate of S-aminopropyitrimethoxysilane, effective concentration: 32%, manufactured by ShIn-Etsu Chemical 
Co., Ltd.) was used as the hydrolysate of the amino group-containing silane coupling agent. 

10 Example 5 

[0074] The test sheet was preparedby following the same procedure as that of Example 1 except that XS-1 003 (a 
methanol solution of N,N-bis[3-(trimethoxysilyl)propyl]ethylenedlamine, effective concentration: 50%, manufactured 
by Chisso Co., Ltd.) was used as the hydrolysate of the amino group-containing silane coupling agent. 

IS 

Example 6 

[0075] The test sheet was preparedby following the same procedure as that of Example 2 except that the concen- 
tration of the amino group-containing silane coupling agent was changed to 5 ppm. 

20 

Example 7 

[0076] The test sheet was preparedby following the same procedure as that of Example 2 except that the concen- 
tration of the amino group-containing silane coupling agent was changed to 5000 ppm. 

25 

Example 8 

[0077] The test sheet was preparedby following the same procedure as that of Example 2 except that the metal 
material was changed to galvanized steel sheet (GA steel sheet, manufacturedbyNlppon Testpanel Co., Ltd., 70 mm 
30 X 150 mm X 0.8 mm). 

Example 9 

[0078] The test sheet was preparedby following the same procedure as that of Example 2 except that the metal 
35 material was changed to 5000 series aluminum (manufactured by Nippon Testpanel Co., Ltd., 70 mm x 150 mm x 
0.8 mm). 

Example 1 0 

40 [0079] The test sheet was preparedby following the same procedure as that of Example 1 except that degreasing 
was perfomied by using "SURF CLEANER EC92" (degreasing agent manufactured by Nippon Paint Co., Ltd.) in place 
of "SURF CLEANER 53"; a GA steel sheet was Immersed for 90 seconds using a chemical conversion coating agent 
which was prepared by blending 30 ppm of manganese nitrate, 1 00 ppm of barium nitrate and 30 ppm of sodium silicate 
as well as fluorozlrconic acid, KBP-90 and tartaric acid in concentrations shown In Table 1 and by adjusting a pH to 3 

45 and a temperature to SS'C; and the duration of spraying using ion-exchanged water in rinsing after chemical conversion 
treatment was changed to 30 seconds and the metal material was coated after being dried at BO'^C for 5 minutes. 

Examples 11-36 

so [0080] The test sheet was preparedby following the same procedure as that of Example 1 except that the chemical 
conversion coating agents were prepared by using magnesium nitrate and zinc nitrate as adhesion and corrosion 
resistance imparting agent, and Sila-Ace S-330 and Sila-Ace S-320 (manufactured by Chisso Co., Ltd.) in concentra- 
tions shown in Tables 1 and 2; and a steei sheet plated with zinc or a zinc-based alloy through hot dipping (Gl, man- 
ufactured by Nippon Testpanel Co., Ltd., 70 mm x 150 mm x 0.8 mm), a steel sheet plated with zinc or a zinc-based 

35 alloy through electroplating (EG, manufactured by Nippon Testpanel Co., Ltd., 70 mm x 150 mm x 0.8 mm), a steel 
sheet with mill scale (SS400, manufactured by Nippon Testpanel Co., Ltd., 70 mm x 150 mm x 0.8 mm), and 5000 
series aluminum (manufactured by Nippon Testpanel Co., Ltd., 70 mm x 150 mm x 0.8 mm) are used as material. 



9 



EP 1 433 877 A1 



10 



IS 



25 



Comparative Example 1 

[0081] The test sheet was preparedby following the same procedure as that of Example 1 except that the amino 
group-containing sllane coupling agent was not blended. 

Comparative Example 2 

[0082] The test sheet was preparedby following the same procedure as that of Example 1 except that the f luorozlr- 
conic acid was not blended. 

Comparative Example 3 

[0083] The test sheet was preparedby following the same procedure as that of Example 1 except that the fluorozlr- 
conlc acid was not blended and Sila-Ace S-330 was used as an amino group-containing sllane coupling agent. 

Comparative Example 4 



[0084] The test sheet was preparedby following the same procedure as that of Example 1 except that degreasing 
was perfonned by using "SURF CLEANER EC92" in place of "SURF CLEANER 53"; a chemical conversion coating 
20 agent.fomned by blendingfluorozlrconic acid and citric acid iron (ill) ammonium In concentrations shown In Table 2, 
was used; and the duration of spraying using ion-exchanged water in rinsing after chemical conversion treatment was 
changed to 30 seconds. 



Comparative Examples 5-^9 



[0085] The test sheet was preparedby following the same procedure as that of Example 1 exce'pt that chemical 
conversion treatment was perfonned by conditioning the surface at room temperature for 30 seconds using "SURF 
FINE 5N-8M" (manufactured by Nippon Paint Co., Ltd.) after rinsing with water after degreasing and by Immersing the 
test sheet at 35*>C for 2 minutes using "SURF DYNE SD-6350" (a zinc phosphate-based chemical conversion coating 
30 agent manufactured by Nippon Paint Co., Ltd.). 



35 



40 



45 



so 



55 



10 



EP 1433 877 A1 



Table 1 
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Table 2 



10 



15 



20 



30 



40 



45 



50 




2 



a 3 C 

a E g 



T 



.2 o 
6 2 



CO 



1 « I 
I ^ " 
« 5 



c 

o 



5? 

C 




POWERNIX 110 (Bectrodepositipn) 



§ 



a 



LU K o E o.— a 



O 
a 

CO 



T» C 

i 



O o E a. s ^ 



I 



•a 



55 



12 



EP1 433 877 A1 



Examples 37-41 

[0086] The test sheet was prepared by following the same procedure as that of Example 1 except that the chemical 
conversion coating agents and metal materials shown in Table 3 were used; "Orga select OTS 900 White" (a organic 
5 solvent coating composition manufactured by Nippon Paint Co., Ltd.) in place of "POWERNIX 110" (a catlonic elec- 
trodeposition coating composition manufactured by Nippon Paint Co. , Ltd.) was applied to the surface In such a manner 
that a dried film thickness was 35±2 jim; and the metal materials were heated and baked at UO^C for 30 minutes. 

Comparative Examples 10-14 

10 

[0067] The test sheet was prepared by following the same procedure as that of Comparative Example 4 except that 
metal materials shown in Table 3 were used; "Orga select OTS 900 White" (a organic solvent coating composition 
manufactured by Nippon Paint Co., Ltd.) in place of "POWERNIX 11 0" (a catlonic electrodepositlon coating composition 
manufactured by Nippon Paint Co., Ltd,) was applied to the surface in such a manner that a dried film thickness was 
15 35±2 ixm; and the metal materials were heated and baked at 140°C for 30 minutes. 

Examples 42-46 

[0088] The test sheet was prepared by following the same procedure as that of Example 1 except that the chemical 
20 conversion coating agents and metal materials shown in Table 3 were used; "Eau de Ecoline OEL 1 00" (a water-borne 
coating composition manufactured by Nippon Paint Co., Ltd.) in place of "POWERNIX 110" ( a catlonic electrodeposltion 
coating composition manufactured by Nippon Paint Co., Ltd.) was applied to the surface in such a manner that a dried 
film thickness was 35±2 ^m; and the metal materials were heated and baked at 140°C for 30 minutes. 

25 Comparative Examples 15-19 

[0089] The test sheet was preparedby following the same procedure as that of Comparative Example 4 except that 
metal materials shown in Table 3 were used; "Eau de Ecoline OEL 1 DO" (a water-borne coating composition manufac- 
tured by Nippon Paint Co., Ltd.) In place of "POWERNIX 110" (a cationic electrodepositlon coating composition man- 
30 uf actured by Nippon Paint Co., Ltd.) was applied to the surface in such a manner that a dried film thrckness was 35±2 
^m; and the metal materials were heated and baked at UO^C for 30 minutes. 

Examples 47-51 

35 [0090] The test sheet was prepared by following the same procedure as that of Example 1 except that the chemical 
conversion coating agents and metal materials shown in Table 3 were used; "Powdax P 1 00" (a powder coating com- 
position manufactured by Nippon Paint Co., Ltd.) in place of "POWERNIX 110" (a catlonic electrodeposltion coating 
composition manufactured by Nippon Paint Co., Ltd.) was applied to the surface In such a manner that a dried film 
thickness was 100±5 ^im; and the metal materials were heated and baked at 180*'C for 20 minutes, 

40 

Comparative Examples 20-24 

[0091] The test sheet was preparedby following the same procedure as that of Comparative Example 4 except that 
metal materials shown In Table 3 were used; "Powdax P 1 00" (a powder coating composition manufactured by Nippon 

45 Paint Co., Ltd.) in place of "POWERNIX 1 1 0" (a cationic electrodeposltion coating composition manufactured by Nippon 
Paint Co., Ltd.) was applied to the surface In such a manner that a dried film thickness was 1 00±5 ^m; and the metal 
materials were heated and baked at 180*>Cfor20 minutes. 
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[0092] Tables 1 to 3 show that there was not the formation of sludge in the chemical conversion coating agent used 
In Examples. Further It shows that the chemical conversion coat obtained by using pretreatment method for coating 
of the present invention has the good adhesion to a coating film attained by various coatings. On the other hand, the 
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chemical conversion coating agent used in Comparative Examples could not suppresses the fonnation of sludge and 
could not attain the chemical conversion coat which has excellent adhesion to a coating film. 



5 Claims 

1 . Apretreatment method for coating comprising treating a substance to be treated by a chemical conversion coating 
agent to fonn a chemical conversion coat, 

wherein the chemical conversion coating agent comprises: at least one l<ind selected from the group con- 
10 sisting of zirconium, titanium and hafnium; fluorine; and at least one Icind selected from the group consisting of 
amino group-containing silane coupling agents, hydrolysates thereof and polymers thereof. 

2. The pretreatment method for coating according to Cialm 1 , 

wherein at least one l<ind selected from the group consisting of amino group-containing silane coupling 
15 agents, hydrolysates thereof and polymers thereof has a content of 5 to 5,000 ppm as a concentration of solid 
matter. 

3. The pretreatment method for coating according to Claim 1 or 2, 

wherein the chemical conversion coating agent contains 1 to 5,000 ppm of at least one l<lnd of a chemical 
20 conversion reaction accelerator selected from the group consisting of nitrite ion, nitro group-containing compounds, 
hydroxylamine sulfate, persulfate ion, sulfite ion, hyposulfite ion, peroxides, iron (III) ion, citric acid iron compounds, 
bromate Ion, perchiorinate ion, chlorate Ion, chlorite ion, as well as ascorbic acid, citric acid, tartaric acid, malonic 
acid, succinic acid and salts thereof. 

25 4. The pretreatment method for coating according to any of Claims 1 to 3, 

wherein the chemical conversion coating agent contains 20 to 1 0,000 ppm of at least one icihd selected from 
the group consisting of zirconium, titanium and hafnium in temris of metal, and has a pH of 1 .5 to 6.5. 

5. The pretreatment method for coating according to any of Claims 1 to 4, 
30 wherein the chemical conversion coating agent contains at least one Icind of adhesion and con-osion resist- 

ance Imparting agent selected from the group consisting of magnesium ion, zinc ion, calciumlon, aluminum ion, 
gallium ion, indium ion and copper Ion. 
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